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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an excellent plating method in which a part such 
as a connecting hole and a wiring groove of a semiconductor device is plated and 
satisfactorily be buried in the device with tight adhesion, and to provide a plated 
structure. 

SOLUTION: A catalytic layer 30a is formed in contact with a surface 27 containing a an 
interconnecting hole 7 provided at an insulating layer 2 on a wafer 41, the catalytic layer 
30a is removed by scrubbing, and the catalytic layer 30a in the interconnecting hole 7 is 
selectively left, thereafter, a barrier layer 5a composed of cobalt or a cobalt compound is 
formed by electroless plating, and copper 8 is buried in the surface thereof by eiectroless 
plating to form a wiring layer 31. In this way, the barrier layer 5a and the copper wiring 8 
are not formed on the insulating layer 2, so that a CMP stage for the plated part can be 
obviated, and further, the wiring layer 31 having high adhesive strength can be formed. 
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(54) PLATING METHOD AND PLATED STRUCTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an excellent 
plating method in which a part such as a connecting hole 
and a wiring groove of a semiconductor device is plated 
and satisfactorily be buried in the device with tight 
adhesion, and to provide a plated structure. 
SOLUTION: A catalytic layer 30a is formed in contact 
with a surface 27 containing a an interconnecting hole 7 
provided at an insulating layer 2 on a wafer 41 , the 
catalytic layer 30a is removed by scrubbing, and the 
catalytic layer 30a in the interconnecting hole 7 is 
selectively left, thereafter, a barrier layer 5a composed of 
cobalt or a cobalt compound is formed by electroless 
plating, and copper 8 is buried in the surface thereof by 
electroless plating to form a wiring layer 31. In this way, 
the barrier layer 5a and the copper wiring 8 are not formed 
CMP stage for the plated part can be obviated, and further, 
adhesive strength can be formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A plating method of removing catalyst bed portions other than said crevice a production 
process which forms a catalyst bed on Men who faces [ galvanizing to a crevice of an insulating layer, 
and ] and includes said crevice, and among said catalyst beds, and having a production process which 
leaves said catalyst bed alternatively to said crevice, and a production process which forms a barrier 
layer with nonelectrolytic plating on this left-behind catalyst bed. 

[Claim 2] A plating method which constitutes said insulating layer from an organic material or an 
inorganic material, uses a coupling agent and forms said catalyst bed on this insulating layer and which 
was indicated to claim 1. 

[Claim 3] A plating method indicated to claim 2 using a silane coupling agent or a titanium coupling 
agent as a coupling agent. 

[Claim 4] A plating method indicated to claim 1 using cobalt, a cobalt compound, or a nickel compound 
as said barrier layer. 

[Claim 5] A plating method which forms a wiring layer continuously and alternatively on said barrier 
layer and which was indicated to claim 1 . 

[Claim 6] A plating method which forms said barrier layer alternatively on said catalyst bed as said a 
part of wiring layer and which was indicated to claim 5. 

[Claim 7] A plating method which forms said barrier layer by Co, CoP, CoWP, CoMoP, NiWP, or 
NiMoP and which was indicated to claim 6. 

[Claim 8] A plating method which forms the 2nd barrier layer continuously and alternatively on said 
wiring layer and which was indicated to claim 5. 

[Claim 9] A plating method indicated on this wiring layer at catalyst plating and claim 5 which forms 
the 2nd barrier layer continuously and alternatively on this plating side further after forming said wiring 
layer. 

[Claim 10] A plating method which forms said 2nd barrier layer by Co, CoP, CoWP, CoMoP, NiWP, or 
NiMoP and which was indicated to claim 8 or 9. 

[Claim 1 1] A plating method which forms said wiring layer with copper and which was indicated to 
claim 5. 

[Claim 12] A plating method which forms said catalyst bed using said coupling agent after constituting 

said insulating layer from an inorganic material which consists of Si02 or SiN and performing 

hydrophilization processing on this insulating layer and which was indicated to claim 2. 

[Claim 13] A plating method which constitutes said insulating layer from an organic material of a 

polyimide system, the poly arylene ether, or a perphloro hydrocarbon system, uses said coupling agent 

and forms said catalyst bed on this insulating layer and which was indicated to claim 2. 

[Claim 14] A plating method which removes said catalyst bed portions other than said crevice by 

mechanical scrubbing and which was indicated to claim 1. 

[Claim 15] A plating method which supplies activation liquid which contains a sulfuric acid or way 
****-ized hydro acid at the time of said scrubbing and which was indicated to claim 14. 
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[Claim 16] A plating method which performs said scrubbing also to other fields with a galvanized field 
of a plated object and which was indicated to claim 14. 

[Claim 17] A plating method which washes a scrubber used for said scrubbing using a brush, pure water, 
a hydrochloric acid, etc. and which was indicated to claim 14. 

[Claim 18] A plating method which forms said wiring layer as wiring of a semiconductor device, or its 
substrate and which was indicated to claim 1. 

[Claim 19] Plating structure where are the plating structure where plating is performed to a crevice of an 
insulating layer, a catalyst bed is alternatively formed in said crevice, and a barrier layer is formed by 
nonelectrolytic plating on this catalyst bed. 

[Claim 20] Plating structure which uses a coupling agent, by which said insulating layer is constituted 
from an organic material or an inorganic material, and said catalyst bed is formed on this insulating layer 
and which was indicated to claim 19. 

[Claim 21] Plating structure for which a silane coupling agent or a titanium coupling agent is used as a 
coupling agent and which was indicated to claim 20. 

[Claim 22] Plating structure for which cobalt, a cobalt compound, or a nickel compound is used as said 
barrier layer and which was indicated to claim 19. 

[Claim 23] Plating structure which is formed continuously [ a wiring layer ] and alternatively on said 
barrier layer and which was indicated to claim 19. 

[Claim 24] Plating structure by which said barrier layer is alternatively formed on said catalyst bed as 
said a part of wiring layer and which was indicated to claim 23. 

[Claim 25] Plating structure in which said barrier layer is formed by Co, CoP, CoWP, CoMoP, NiWP, 
or NiMoP and which was indicated to claim 24. 

[Claim 26] Plating structure which is formed continuously [ the 2nd barrier layer ] and alternatively on 
said wiring layer and which was indicated to claim 23. 

[Claim 27] Plating structure indicated on said wiring layer at catalyst plating and claim 23 currently 
further formed continuously [ the 2nd barrier layer ] and alternatively on this plating side. 
[Claim 28] Plating structure in which said 2nd barrier layer is formed by Co, CoP, CoWP, CoMoP, 
NiWP, or NiMoP and which was indicated to claim 26 or 27. 

[Claim 29] Plating structure in which said wiring layer is formed with copper and which was indicated 
to claim 23. 

[Claim 30] Plating structure which uses said coupling agent, by which inorganic materials with which 
said insulating layer consists of Si02 or SiN are consisted of, and said catalyst bed is formed on this 
insulating layer and which was indicated to claim 20. 

[Claim 31] Plating structure which uses said coupling agent, by which said insulating layer is constituted 
from an organic material of a polyimide system, the poly arylene ether, or a perphloro hydrocarbon 
system, and said catalyst bed is formed on this insulating layer and which was indicated to claim 20. 
[Claim 32] Plating structure in which said wiring layer is formed as wiring of a semiconductor device, or 
its substrate and which was indicated to claim 19. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the suitable plating method to 
perform a connection hole or copper wiring by copper plating to a wiring gutter, and plating structure in 
semiconductor integrated circuit equipment, concerning the plating method and plating structure. 
[0002] 

[Description of the Prior Art] Conventionally, the aluminum system alloy is used as a material of 
detailed wiring of the large scale integration (a semiconductor device is called hereafter.) formed on a 
semiconductor wafer. However, in order to raise improvement in the speed of a semiconductor device 
further, it is necessary to use copper, silver, etc. with more low specific resistance as a charge of wiring 
material. 

[0003] Especially copper has specific resistance as low as 1.8micro ohm-cm, and since it is high in an 
about single figure compared with an aluminum system alloy, electromigration resistance is expected 
from the top advantageous to improvement in the speed of a semiconductor device as a next-generation 
material. 

[0004] By the way, many the contact holes or beer halls (a trench, a contact hole, or a beer hall is 
hereafter described as a connection hole.) which connect electrically to a semiconductor device between 
the trench which connects between elements, or a multilayer interconnection are formed. Usually, a 
connection hole forms opening in a layer insulation layer, and is formed by embedding an electrical 
conducting material there. 

[0005] single DAMASHIN which forms a slot in the layer insulation layer in recent years, and forms 
slot wiring by embedding a slot with copper - dual DAMASHIN which forms a trench and a beer hall 
in one by embedding law or the opening prepared in the pars basilaris ossis occipitalis of a slot and a 
slot with copper — law is being put in practical use. 

[0006] The outline of an example of the copper wiring process by the dual DAMASHIN method is 
shown in drawing 9 - drawing 12 . 

[0007] As shown in drawing 9 , by the etching method etc. to the insulating layer which consists of 
SiN3a and Si02 2a which carried out the laminating on the wafer 1 First, copper wiring 4a, 4b (barrier 
layer 5a is prepared in the wall surface.) It forms and connection hole 7a and wiring gutter 7b are further 
formed of etching etc. behind a laminating one by one on this in insulating layers, such as SiN(s) 3b and 
3c, Si02 2b, and 2c. 

[0008] Subsequently, as shown in drawing 10 , barrier layer 5b is formed in the surface containing 
connection hole 7a and wiring gutter 7b. By forming the copper electroplating layer 8, as shown in 
drawing 1 1 , and besides, grinding this, after forming the seed layer 6 used as the nucleus of plating As 
seed layers 6 other than connection hole 7a and wiring gutter 7b and barrier layer 5b are ground 
alternatively and it is shown in drawing 12 , copper wiring 8b is formed in copper wiring 8a at a 
connection hole, and is formed in a wiring gutter at coincidence, and SiN3d is further covered on this. 
[0009] As a method of embedding copper with a sufficient precision at a connection hole, the 
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electrolysis galvanizing method attracts attention in recent years. The copper film formed by the 
electrolysis galvanizing method has the low high impurity concentration in a film, and since electric 
resistance is also low, it is advantageous to improvement in the speed of a semiconductor integrated 
circuit. However, in case the embedding nature to a copper connection hole forms a copper layer by the 
electrolysis galvanizing method, it is greatly dependent on the step coverage (step coverage nature) of 
the substrate layer (seed layer) needed. That is, in case a connection hole is embedded by the electrolysis 
galvanizing method, it is required that the step coverage of a seed layer should fully be good. 
[0010] 

[Problem(s) to be Solved by the Invention] Although the copper layer with a thickness of about lOOnm 
formed of PVD (physical vapor deposition) or CVD (chemical vapor deposition) is used as a seed layer, 
when it becomes the connection hole of 1 :5 or more high aspect ratios less than [ wiring Ruhr 
0.13micrometer ], by PVD, coverage worsens and there is a problem that it is very difficult to form even 
the side wall of a connection hole to homogeneity. 

[001 1] Moreover, in a CVD method, a material cost is very expensive and is not yet real business. Then, 
although the excessive copper which CMP (chemical mechanical polish) is performed and is galvanized 
at degree production process in addition to the connection pore is removed, a problem as shown in ** of 
a degree - ** tends to generate the film of the copper formed by nonelectro lytic plating although the 
attempt which forms a seed layer with copper nonelectrolytic plating (chemistry reduction plating), and 
improves step coverage was also made in that case. 

[0012] ** The center section of dishing, i.e., the metal of a large portion, can be taken too much, it may 

dent, and the phenomenon in which the cross section of wiring metal runs short may occur. 

[0013] Namely, the copper wiring 4 and Si02 which were formed on the wafer 1 as shown in drawing 

13 A depression and the dishing section 9 generate [ the surface of copper wiring 8 A embedded by 
plating in the wiring gutter 37 so that it might connect through the connection hole 38 ] the wiring gutter 
37 formed in the surface of a layer 2. The field A amounts a 100-micrometer size, and depth B of a 
depression may amount to 800A. 

[0014] ** Erosion (web thinning), i.e., a portion with high pattern density, can be taken too much, it 
may dent, and the phenomenon in which the cross section of wiring metal runs short may occur. 
[0015] Namely, the copper wiring 4 and Si02 which were formed on the wafer 1 as shown in drawing 

14 The wiring gutter 39 formed in the surface of a layer 2 On the whole, the field C of the copper wiring 
8B group embedded by plating in the wiring gutter 39 so that it might connect through the connection 
hole 40 is dented, and the erosion section 10 occurs. As severest wiring density Depth D may reach in 
the case where Cu occupies, in 3000 micrometers of Field C at 800A more than about 89% (for 
example, Cu8 rate that Cu at the time of 1 -micrometer repetition patterns, such as micrometer and Si02, 
occupies). 

[0016] ** The phenomenon which can do a recess, i.e., the level difference to which a metal side 
becomes low on the boundary of an insulator layer and metal, may occur. 
[0017] That is, unlike on the whole denting the field of the copper wiring 8B group in the above- 
mentioned **, as shown in drawing 15 , the surface of copper wiring 8B embedded by plating in the 
wiring gutter 39 is Si02 of the perimeter. It may be formed from the surface of a layer 2 in a depression 
11. 

[0018] ** A phenomenon which causes a scratch, a chemical damage, i.e., opening, short-circuit, and 
the poor resistance of wiring may be generated. 

[0019] That is, as shown in drawing 16 , even if it does not generate the above-mentioned depression 

like ** or **, either but is finished evenly, 29, such as generating of the short section 12, the corrosion 

section, etc. by the copper waste produced in the case of polishing by CMP, may occur. 

[0020] Moreover, similarly, although barrier metal may also be removed by CMP, it has the problem 

that troubles, such as a scratch of the above-mentioned ** and a chemical damage, occur also in this 

case. 

[0021] Moreover, although barrier metal is usually prepared between copper wiring and its substrate in 
order to prevent diffusion of an atom [ **** / un-], the method of forming alternatively does not exist in 
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the pattern of a request of this barrier metal conventionally. 

[0022] Then, the purpose of this invention is to offer the outstanding plating method and the plating 
structure which covering nature is good for a hole and the groove galvanized section, and can mainly 
form barrier metal in them good. 
[0023] 

[Means for Solving the Problem] That is, this invention is faced [ galvanizing to a crevice of an 
insulating layer, and ], and relates to a plating method (a plating method of this invention is called 
hereafter.) of having a production process which forms a catalyst bed on a field including said crevice, a 
production process which removes catalyst-bed portions other than said crevice among said catalyst 
beds, and leaves said catalyst bed alternatively to said crevice, and a production process which forms a 
barrier layer with nonelectrolytic plating on this left-behind catalyst bed. 

[0024] Since a barrier layer is alternatively formed with nonelectrolytic plating on a catalyst bed left 
behind to a crevice according to a plating method of this invention, a barrier layer is not formed in any 
portions other than a crevice where a catalyst bed was removed, but a barrier layer can be alternatively 
formed only in a crevice where a catalyst bed was left behind. Therefore, while covering reinforcement 
of a wiring layer which diffusion of an atom [****/ un-] is certainly prevented by this barrier layer, and 
is formed on this barrier layer is raised and being able to form a wiring layer advantageous to a micro- 
processing process, a plating method that a CMP production process for removing unnecessary plating 
can be skipped can be offered. 

[0025] Moreover, this invention is the plating structure where plating is performed to a crevice of an 
insulating layer, and relates to plating structure (plating structure of this invention is called hereafter.) 
where a catalyst bed is alternatively formed in said crevice, and a barrier layer is formed by 
nonelectrolytic plating on this catalyst bed. 

[0026] Since it is the plating based on a plating method of above-mentioned this invention according to 
plating structure of this invention, plating structure where the same effect as a plating method of this 
invention is done so can be offered. 
[0027] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this invention is explained 
to the bottom of drawing reference. 

[0028] In the above-mentioned plating method of this invention and plating structure, as shown, for 
example in drawing 1 (b), it is desirable to constitute said insulating layer from an organic material or an 
inorganic material, to use a coupling agent and to form said catalyst bed on this insulating layer. 
[0029] And it is better to use a silane coupling agent or a titanium coupling agent as a coupling agent in 
this case. 

[0030] Moreover, it is desirable to form the barrier layer which consists of cobalt, a cobalt compound, or 
a nickel compound as said barrier layer. 

[003 1] Furthermore, it is desirable to form a wiring layer continuously and alternatively on said barrier 
layer, and to form said barrier layer alternatively on said catalyst bed as said a part of wiring layer. 
[0032] In this case, it is desirable to form said barrier layer by Co, CoP, CoWP, CoMoP, NiWP, or 
NiMoP. 

[0033] Moreover, the 2nd barrier layer may be formed continuously and alternatively on said wiring 
layer. 

[0034] In this case, after forming said wiring layer, it is desirable catalyst plating and to form the 2nd 
barrier layer continuously and alternatively on this plating side further on this wiring layer. It is 
desirable like [ this 2nd barrier layer ] said barrier layer to form by cobalt, a cobalt compound or a nickel 
compound, for example, Co and CoP, CoWP, CoMoP, NiWP, or NiMoP. 
[0035] And it is desirable to form said wiring layer with copper. 

[0036] And after constituting said catalyst bed from an inorganic material which consists of Si02 or SiN 
and performing hydrophilization processing on this insulating layer, it is desirable to form said catalyst 
bed using said coupling agent. 

[0037] Moreover, it is desirable to constitute said insulating layer from an organic material of a 
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polyimide system, the poly arylene ether, or a perphloro hydrocarbon system, to use said coupling agent 
and to form said catalyst bed on this insulating layer. 

[0038] Moreover, as shown, for example in drawing 5 , it is desirable to remove said catalyst bed 
portions other than said crevice by mechanical scrubbing. 

[0039] In this case, it is desirable to supply the activation liquid which contains a sulfuric acid or way 
****-ized hydro acid at the time of said scrubbing as shown in drawing 5 . 

[0040] Furthermore, as shown in drawing 5 , it is desirable to perform said scrubbing also to other fields 
with the galvanized field of a plated object. 

[0041] Moreover, it is desirable to wash the scrubber used for said scrubbing using a brush, pure water, 
a hydrochloric acid, etc. at the time of the standby of those other than the time of scrubbing. 
[0042] By constituting, said wiring layer can be formed as wiring of a semiconductor device, or its 
substrate like the above. 

[0043] Hereafter, the gestalt of operation of this invention is explained still more concretely. 

[0044] In order to form barrier metal by the nonelectrolytic plating method on the insulator layer of a 

semiconductor wafer, on the galvanized surface, the high metal of catalyst nature, for example, 

palladium etc., (Pd may be called hereafter) must be used, and catalyst-ized processing must be 

performed. There are an inorganic film like Si02 and SiN which are used conventionally, and an organic 

film expected as a low dielectric constant insulator layer material in an insulator layer. 

[0045] In order to make small wiring delay of the device made detailed and to accelerate, the insulator 

layer by the organic material is being put in practical use by using Cu with small wiring resistance 

(copper), and coincidence in order to make wiring capacity small. The gestalt of this operation explains 

the example of catalyst-ized processing to each insulator layer top. 

[0046] First, the following processings can be performed as catalyst-ized processing to the insulator 
layer side by the inorganic material. 

[0047] < catalyst-ized processing >** (hydrophilization processing) 

First, as shown in drawing 1 (a), a connection hole or a wiring gutter (here connection hole 7) is formed 
in the surface of an insulating layer 2 which consists of Si02 on a wafer, or SiN with photolithography 
technology, hydrophilization of the surface 27 of this inorganic substance is carried out by oxidizing 
underwater, and - OH radical is formed in the surface. As an art, what is necessary is just the method 
which can perform hydrophilization processings, such as ozone water treatment, sulfiiric-acid filtered- 
water processing, hypochlorous-acid processing, ammonia filtered-water processing, and permanganic 
acid ammonium processing. 
[0048] ** Pure water rinse 

Pure water washes after hydrophilization processing. 
[0049] ** Coupling processing 

Although the processing which - OH radical and the coupling agent which were formed of said 
hydroxylation processing are made to react, and carries out a chemical bond may use a silane coupling 
agent or a titanium coupling agent, since it has the inside of the chain of a hydrocarbon or/and its Si or 
Ti atom, the tin that has protected the palladium colloidal catalyst used by the end of the opposite side in 
degree processes, such as an amino group and a thiol group, and the capacity to coordinate, this is the 
most desirable. 

[0050] Moreover, irregularity can do only the part of an isomerism child's magnitude and silane 
coupling or the surface by which titanium coupling processing was carried out is split- face-ized. 
Therefore, it is enough if the hydrophilicity which is the degree with which this processing is adsorbed 
in the colloid of the catalyst metal of degree process on the surface carried out can be maintained. Such a 
silane coupling agent or a titanium coupling agent is represented by what contains - OH radical, -COOR 
radical, -OR radical, etc. in the inside of a chain, or an end (R is an alkyl group). 
[0051] By processing with the catalyst metal protected with the stannous chloride, for example, the 
colloidal solution of palladium, coordinate bond of the tin atom of the stannous chloride which is the 
protective agent of said palladium colloid can be carried out to the amino group or thiol group in said 
silane coupling agent or said titanium coupling agent, and said palladium colloid can be combined. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/4/2004 



Page 5 of 9 



[0052] That is, Pd colloid can be firmly combined by making it act on the wafer after the coupling 
processing which described above Pd colloidal solution protected with the stannous chloride, and 
carrying out coordinate bond of the tin atom of Pd colloid to the amino group or thiol group of the silane 
coupling agent on a wafer, or a titanium coupling agent. 
[0053] ** Pure water rinse 

The rinse of after coupling processing is carried out with pure water. 
[0054] ** Catalyst processing 

The colloid of the strong metal of catalyses, such as Pd, is fixed to the galvanized surface using the 
Enplate Activator444 grade of Catalyst9F by the cypripedium rhe company, and the product made from 
EnthoneOMI. 

[0055] In this case, if it is a Pd colloidal catalyst like catalyst 9F by the cypripedium rhe company, Pd 
colloidal catalyst whose protective agent which has protected Pd colloid is a stannous chloride anything 
since it is used for a semiconductor process, although it is good is desirable. 
[0056] ** Pure water rinse 

The rinse of after catalyst processing is carried out with pure water. 
[0057] ** Activation 

The surface of Pd colloid fixed by catalyst processing is activated using Accelerator^ by the 
cypripedium rhe company, and Accelerator240 grade, and the surface of Pd is exposed. Although this 
exposed Pd is shown as catalyst bed 30a in drawing 1 (b), the copper returned on this Pd can deposit 
with the below-mentioned nonelectrolytic plating. 

[0058] And the aqueous solution (sulfuric acid) of HBF4 (fluoroboric acid), H2 S04, etc. flushes and 
removes the stannous chloride of the surplus which is not coordinating on the surface of a wafer, and Pd 
is exposed. 

[0059] HBF4 like [ this washing removal ] the accelerator 19 by the cypripedium rhe company A quality 
and engine-performance top has the included most desirable activator. On the other hand, an 
environment top is more desirable although the activator of a sulfuric-acid system like an accelerator 
240 has a difficulty a little similarly as for a quality and engine-performance top. 
[0060] It is -NH2 as mentioned above. When it processes beforehand by the silane coupling agent or 
titanium coupling agent containing a radical or -SH **** and coordinate bond of the Pd colloid is 
carried out after that, activation may be carried out having adhered firmly and applying an ultrasonic 
wave, since Pd is carrying out the chemical bond to the surface. In this case, an aspect ratio is as high as 
1 :4 or more, and a diameter is processed sufficiently effectively also in the small blind hole not more 
than phi0.3micrometer, and can galvanize to homogeneity also in the hole of phi0.18micrometer and an 
aspect ratio 1:10. 

[0061] The mechanism of Pd ionic bond by the silane coupling agent to this insulator layer top is shown 
in drawing 3 . 

[0062] For example, amino group which carries out a chemical bond to an inorganic substance or silane 
coupling agents, hydrolysis radical-C2H5 that form a chemical bond, and an inorganic substance when it 
is the silane coupling agent from which the chemical structure serves as H2-N(CH2)3Si (OC2H5)3 - It 
has NH2. 

[0063] First, it is decomposed under existence of water, and like drawing 3 (a), a hydrolysis radical 
changes to a silanol from an alkoxyl group, and alcohol generates it as a decomposition product. 
[0064] And it will react with - OH radical on the oxide formed by the above-mentioned hydrophilization 
processing like drawing 3 (b), or the surface of metal, and covalent bond will be carried out to the 
inorganic surface. 

[0065] Next, the amino group is coordinated with Pd2+ of a catalyst in response to the supply of the 
unshared electron pair of N, as shown in drawing 3 (c). Thus, the firm adhesion force of inorganic 
substances can be acquired by the chemical bond. 

[0066] Next, catalyst-ized processing of the insulator layer side by the organic material is explained. 
[0067] In this case, hydrophilization down stream processing in the case of the above-mentioned 
inorganic material is less necessary. From the first, a silane coupling agent is used for adhesion of the 
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organic substance and an inorganic substance. Therefore, it is not necessary to form - OH radical in the 
galvanized surface, and a silane coupling agent will carry out a direct chemical bond to organic polymer. 

[0068] As an organic material expected from now on, there are a polyimide system, the poly arylene 
ether, a perphloro hydrocarbon system, etc. For example, a polyimide system etc. may have an amino 
group as a side chain, and shows a joint example with the silane coupling agent at that time to drawing 
4 . In this case, it is suitable that structure uses the silane coupling agent of 0=C=NC3H6Si (OC2H5)3. 
[0069] As a silane coupling agent, there are various kinds of classes and it can use properly with the 
organic material of an insulator layer. As the reaction, it reacts with the side chain of polymer as shown 
by ** drawing 4 , and the functional group of an end. 
** Carry out a graft reaction at a polymer principal chain. 

** various organic polymer and vinyl (addition) copolymerization — or carry out a condensation 

polymerization. 

**** is mentioned. 

[0070] Thus, since a direct silane coupling agent carries out a chemical bond to the insulating layer of an 
organic material, firm adhesion can be acquired. Moreover, association to Pd ion for a catalyst bed is 
having described above with Pd2+ of a catalyst, and coordinate bond in response to the supply of the 
unshared electron pair of N similarly. 

[0071] The <selection nonelectrolytic-plating method> production process 1: Although CoP, CoWP, 
CoMoP, NiWP, or NiMoP is formed with nonelectrolytic plating as barrier metal 5 a which protects 
copper wiring after performing catalyst processing of the removal above of an unnecessary section 
catalyst bed, when it remains as it is, a barrier metal film will be formed in homogeneity all over a 
wafer. Therefore, before performing nonelectrolytic plating, like drawing 1 (c), a scrubber is used and 
the catalyst bed on the surface of a wafer is removed mechanically. 

[0072] Although drawing 5 is the outline perspective diagram showing the scrubbing condition, while a 
drug solution etc. trickles 35 from a nozzle 34, it shows the polishing condition of both sides of the 
wafer 41 by the scrubber 33 arranged up and down on both sides of the wafer 41. 
[0073] In this scrubbing, if a scrubber 33 like the roller which consists of mixture of poly vinyl alcohol 
and polyacetal is used, since removing physically is impossible, a trench with a size smaller than a 
micron, the slot on the beer hall, and the catalyst bed in a hole can remove alternatively only catalyst 
beds other than a portion required for wiring as a result. 

[0074] If nonelectrolytic plating is performed after that, the film of barrier metal will be formed only in 
a trench with catalyst bed 30a, or a beer hall. Moreover, if mechanical scrubbing is performed also to the 
rear face of a wafer as shown in drawing 5 , the deposit of a metal unnecessary for the rear face of a 
wafer can also be prevented. 

[0075] About catalyst treatment processes other than a scrubbing production process, it can carry out 
using a spin coater type or dipping layer type equipment. 
[0076] Timing of scrubbing can be performed like ** of a degree, and **. 
[0077] ** While the activation liquid 35 which contains pure water, or dim-ized hydro acid and a 
sulfuric acid in a scrubber 33 is dropped after catalyst down stream processing shown by the above- 
mentioned catalyst-ized processing, perform scrubbing in the wet condition, and remove a catalyst bed 
(Pd colloid or Pd particle) mechanically or chemically. 

[0078] ** While the activation liquid 35 which contains pure water, or way ****-ized hydro acid and a 
sulfuric acid in a scrubber 33 is dropped after the activation production process shown by the above- 
mentioned catalyst-ized processing, perform scrubbing in the wet condition, and remove a catalyst bed 
(Pd colloid or Pd particle) mechanically or chemically. 

[0079] In any case, since a scrubber 33 will be polluted with Pd, the chemical which can carry out 
dissolution removal of the Pd, such as another brush, etc. pure water, or a hydrochloric acid, can be used 
at the time of the standby which is not using it, and automatic washing of scrubber 33 the very thing can 
be performed at it. 

[0080] Like the above, drawing 1 (c) shows the condition on the surface of a wafer of having removed 
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the unnecessary catalyst bed. 

[0081] Production process 2: Form membranes with nonelectrolytic plating like barrier metal 
stratification drawing 1 (d) on catalyst bed 30a which remains only in the connection hole 7, using CoP 
or CoWP, CoMoP, NiWP, and NiMoP as barrier metal 5a. Nonelectrolytic plating as well as 
pretreatment can be performed using a spin coat type or dipping tub type equipment. 
[0082] Nonelectrolytic plating of CoP, CoWP, and CoMoP can be performed on the following plating 
liquid presentations and conditions. 

1. Case of CoP - ** Presentation Cobalt Chloride: - 10 - 100 G/l Glycine: - 2 - 50 G/l Succinic-Acid 
Ammonium: - 2 - 50 G/l (Ammonium Salt, Such as Apple Acid, Citric Acid, Malonic Acid, and Formic 
Acid Etc.) 

Hypophosphorous-acid ammonium: 2 - 200 g/l (formalin, a glyoxylic acid, a hydrazine, boron hydride 
ammonium, etc.) 

Hydrogenation ammonium (TMAH etc.) 

** Conditions : 50-95 degrees C, pH 7-12 [0083] 2. Case of CoWP or CoMoP - ** Presentation Cobalt 
Chloride: -- 10-100G [/L. ] Glycine: -- 2-50G [/L. ] Succinic-Acid Ammonium: - 2-50G (Ammonium 
Salt, Such as Apple Acid, Citric Acid, Malonic Acid, and Formic Acid Etc.)/L. 
Tungstic-acid ammonium: 3-30 g/l (ammonium molybdate) 

Hypophosphorous-acid ammonium: 2 - 200 g/l, hydrogenation ammonium (formalin, a glyoxylic acid, a 
hydrazine, boron hydride ammonium, etc.) (TMAH etc.) 

** Conditions : 50-95 degrees C, pH 8-12 [0084] Thus, barrier metal 5a formed by the nonelectrolytic 
plating method protects the side of the copper wiring (copper) 8, and by catalyst bed 30a, since 
conformal covering power is possible, it has the advantage that the coverage in the detailed wiring 
connection hole of a semiconductor wafer is very good. For example, formation of barrier metal with an 
aspect ratio uniform also in 1:5 or more connection holes is possible. 

[0085] Production process 3: As shown in formation drawin g 1 (e) of a wiring layer, by using as a 

catalytic activity layer CoP, CoWP, CoMoP, NiWP, or the NiMoP layer alternatively formed as barrier 

metal 5a, in the connection hole 7, embed copper 8 and form a wiring layer 31 with nonelectrolytic 

plating. Compared with Cu, since whenever [ catalytic activity ] is high, Co needs to process nothing on 

the surface and can deposit copper with nonelectrolytic plating. 

[0086] The following can be used for a nonelectrolytic plating bath and conditions. 

** Presentation copper chloride : 5 - 50 g/l (a copper sulfate, a copper nitrate, and sulfamic acid copper 

are sufficient) 

Ethylenediamine (chelating agent): 20 - 40 g/l (EDTA (ethylenediaminetetraacetic acid) is sufficient) 
cobalt nitrate (reducing agent): - 25 - 250 g/l** condition plating temperature: - 20-60 degrees C and 
pH: - 7-12 [0087] Or the following presentations are also usable. 

Copper chloride: 10 - 100 g/l (a copper sulfate, a copper nitrate, sulfamic acid copper, etc.) 
Glycine: 2 - 50 g/l (dipolar ion type chelating agents, such as other amino acid) 

Succinic-acid ammonium: 2 - 50 g/l (ammonium salt, such as a malic acid, a citric acid, a malonic acid, 
and a formic acid etc.) 

Hypophosphorous-acid ammonium: 2 - 50 g/l (formalin, a glyoxylic acid, a hydrazine, potassium- 
borohydride ammonium, etc.) 

Aqueous ammonia: 5 - 200 ml/1 (pH is doubled with a required value in 8-12.) 

Lauryl ammonium sulfate: 0.1-20 mg/1 (pH can use a cation with acidity and can use a nonionic active 
agent on an anion activator or both sides in alkalinity.) 

[0088] Thus, since the direct membrane formation of the copper 8 as a wiring material can be carried out 
on barrier metal 5a, firm adhesion can be acquired by metallic bond. 

[0089] Production process 4: As shown in barrier metal formation drawing 2 (g) to Cu top for wiring, 
form barrier metal 5b again alternatively on the formed copper wiring 8, and protect the copper wiring 8. 
However, as described above, since whenever [ catalytic activity ] is low, even if it processes Cu with 
the nonelectrolytic plating liquid of CoP, CoWP, CoMoP, NiWP, or NiMoP as it is to Co, it does not 
deposit at all. 
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[0090] Then, the maximum surface of Cu is made to replace by Pd, and catalytic activity layer 30b is 
made to form using the solution of hydrochloric acid of PdC12, first, as shown in drawing 2 (f). This is 
substitute plating and uses a difference of the ionization tendency of a dissimilar metal. 
[0091] That is, the election emitted with dissolution in a solution since it is a less noble metal 
electrochemically compared with Pd transfers Cu to Pd ion which is the noble metals in a solution, and 
Pd is formed on Cu surface of base metal Since the substitute of Pd does not take place to the surface of 
the insulator layer 2 which is not a metal inevitably, barrier layer 30b is formed only on the copper 
wiring 8. Moreover, direct barrier layer 30b can also be formed on the copper wiring 8 by electroplating. 

[0092] With the gestalt of this operation, substitute plating processing was performed in 30-50 degrees 
C and the solution of hydrochloric acid of PdC12 of pH 1-2. Then, CoP (the copper wiring 8 is protected 
from the whole surface with barrier metal 5 a) which protects the copper wiring 8 from the upper surface 
as barrier metal 5b in the same process as a production process 2 or CoWP, CoMoP, NiWP, and NiMoP 
can be alternatively formed with nonelectrolytic plating. However, the material of a barrier layer used 
for the above-mentioned production processes 3-4 does not restrict the material of wiring to Cu in 
addition to CoP, CoWP, CoMoP, NiWP, or NiMoP, either. 

[0093] A series of production processes of nonelectrolytic plating can be performed using the equipment 
of the dipping tub type shown in the spin coat type or drawing 8 shown in drawing 6 and drawing 7 . 
[0094] The turn day bull 15 which drawing 6 and drawing 7 were the schematic diagrams of the same 
equipment, and was supported by the shaft 14 in the cup 13 and laid the heater 20 underground is 
formed. The wafer besides held (in drawing 6 - drawing 8 , the wafer of a formation phase is pointed out 
for an integrated circuit.) the nozzle 18 (18 [ for example, ] — the spray nozzle which a switches [03 
and ] --) by which 41 has been arranged up Wash water is supplied from the rear-face spray nozzle 19 by 
which, as for a hydroxylation processing nozzle and 18c, the coupling nozzle was supplied, as for Pd 
colloidal catalyst nozzle and 18e, and 18d of predetermined liquids was supplied from the activation 
liquid nozzle, and 18b has been arranged caudad. And the atmospheric pressure accompanying rotation 
of a turntable 15 is discharged from an exhaust port 17, and the supplied wash water is ****(ed) from 
the downward exhaust port 16. 

[0095] Drawing 6 shows a head end process and the arrow head under each nozzle 18a-18e shows 
supply of the processing liquid supplied in each above mentioned production process, respectively. 
Drawing 7 shows a nonelectrolytic plating production process, for example, 18a in this production 
process is a hot-pure-water nozzle, 18b is a nonelectrolytic plating liquid nozzle, and the lower arrow 
head shows supply of the processing liquid supplied in this production process. And the heater 20 laid 
under the turntable 15 is controlled at 20 (room temperature)-90 degrees C, if the warmed plating liquid 
is covered, it is effective and nonelectrolytic plating can be performed. 

[0096] Moreover, drawin g 8 is a dipping tub type schematic diagram, and processing liquid 28 is 
supplied to the dipping tub 21 which installed the ultrasonic radiator 23 in the pars basilaris ossis 
occipitalis from piping 22. As an arrow head shows, the processing liquid 28 to overflow once falls to a 
saucer 24, and is discharged from an exhaust port 25. A wafer 41 is held at the wafer attaching part 27 of 
the right angle rolling mechanism 26, it is immersed in processing liquid 28, predetermined processing 
liquid 28 is supplied according to said each production process, and predetermined processing is made, 
respectively. 

[0097] Each of these equipments can be broadly used with pH in the temperature requirement from 
ordinary temperature to 90 degrees C. And in the total-temperature range, liquid is very stable and is not 
disassembled. And in order not to make it pollute with processing liquid, it is more desirable to use the 
spin cup in which a seal is possible. However, a dipping tub can also be used, if a film etc. is stuck on 
the upper surface and the seal is carried out beforehand. Moreover, although it may be more desirable 
for all to use an ultrasonic wave and the wavelength may be arbitrary, it is more desirable to be the high 
frequency of 1MHz or more, since the path of a blind hole is as small as 1 micrometer or less. 
[0098] in this case, the wash water whose dissolved oxygen is 1% or less at washing after said each 
process or liquid - it is desirable to use kensui. That is, by reducing dissolved oxygen to 1% or less, and 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/4/2004 



Page 9 of 9 



using it as wash water and ******** ? oxidation of a plating film can be prevented and electric 
conductivity can be made high. 

[0099] A barrier metal layer and copper wiring can be alternatively formed only in a connection hole 
with nonelectrolytic plating as mentioned above. Therefore, barrier metal and the CMP production 
process of copper wiring can be skipped now. 

[0100] According to the gestalt of this operation, on a field including the crevice which is a galvanized 
field, since scrubbing processing removes catalyst bed 30a of fields other than a crevice after formation, 
catalyst bed 30a Since barrier layer 5a as a part of wiring layer can be formed alternatively, therefore the 
copper wiring 8 can be formed by high covering reinforcement on this with nonelectrolytic plating only 
on catalyst bed 30a of the left-behind crevice, a micro-processing process becomes advantageous. 
Moreover, thereby, CMP production processes, such as unnecessary plating removal, can be skipped. 
Consequently, concern of dishing and the erosion (web thinning) which are a trouble in the conventional 
CMP, a recess, a scratch, a chemical damage, etc. is canceled. 

[0101] Moreover, since a silane coupling agent can obtain a firm chemical bond to the insulating layer 
by the hydrophilization surface of the insulating layer of an inorganic system, and the organic material 
expected further from now on, membranes can be continuously formed with barrier metal 5a, the copper 
wiring 8, and barrier metal 5b, and even if it is total and sees from carrying out metallic bond of these, 
the good wiring layer of adhesion can be formed on a wafer. 

[0102] The gestalt of operation of above-mentioned this invention can deform variously based on the 
technical thought of this invention. 

[0103] For example, the wiring layer formed in a connection hole with nonelectrolytic plating is not 
restricted to copper, and gold, silver, etc. are sufficient as it, and it can also form barrier metal etc. with 
these metals. 

[0104] Moreover, it can also perform the method and equipment of scrubbing not only in the above but 
suitably while what has not only the above but equivalent capacity can be used for the above-mentioned 
processing liquid of an oxidizer, a reducing agent, and others etc. 

[0105] Moreover, the above-mentioned plating method and plating structure can be restricted to neither 
copper plating nor wafers (semiconductor device), and are also applicable to the plating of other metal, 
and the plating of a printed circuit board etc. 
[0106] 

[Function and Effect of the Invention] As mentioned above, the plating method of this invention, and 
plating structure The production process which forms a catalyst bed on the field which faces 
[ galvanizing to the crevice of an insulating layer, and ] and includes said crevice, The production 
process which removes catalyst bed portions other than said crevice among said catalyst beds, and 
leaves said catalyst bed alternatively to said crevice, Since a barrier layer is alternatively formed with 
nonelectrolytic plating on the catalyst bed which has the production process which forms a barrier layer 
with nonelectrolytic plating on this left-behind catalyst bed, and was left behind to the crevice A barrier 
layer is not formed in any portions other than the crevice where the catalyst bed was removed, but a 
catalyst bed is left behind and a barrier layer can be alternatively formed only in a crevice. Therefore, 
while the covering reinforcement of the wiring layer which diffusion of an atom [****/ un-] is certainly 
prevented by this barrier layer, and is formed on this barrier layer is raised and being able to form a 
wiring layer advantageous to a micro-processing process, the plating method and plating structure where 
the CMP process for removing unnecessary plating can be excluded are realizable. 



[Translation done.] 
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